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Abstract: 
The government’s investment to fund a specific power plant among various energy sources has a 
significant impact on the whole economy and wellbeing of the society. In this respect, government’s 
investment on energy projects should be determined in consideration of external costs so that the 
government is able to choose a better investment opportunity that generates more net benefits to the 
whole economy than other alternative energy sources. Based on the economic analysis of explicit and 
external costs, this study presents policy proposal for investing in alternative energy sources in 
consideration of externalities in South Korea. 
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Policy proposal for Investing in alternative energy sources in 
consideration of externalities 
1. Introduction 
1.1. Statement of the Problem 
The purpose of this paper is to analyze the least cost approach to investment in 
nuclear and coal power plants through literature reviews and life satisfaction quantitative 
analysis. 
In 2010, the World Bank lent 3.75 billion dollars to Eskom Holding Limited. The 
objective of the loan was to support the Eskom Investment Support Project in South Africa, 
including construction for a 4,800 MW coal-fired power plant, investments in renewable 
energies. Despite the fact that some loan funded the project in renewable energies, the total 
investment in renewable energies is tiny in comparison with funding for the coal-fired power 
plant (Amerasinghe, 2011).  
Although shallow analyses often mistakenly conclude that coal energy is the most 
economic energy source, these analyses did not consider a variety of costs of a coal-power 
plant for society (World Bank, 2011). Failure to internalize the externalities of coal energy 
distorts the market price. If inadequate reflection on external costs continues in energy 
investment criteria, it will have detrimental effect on the global climate, environment, and 
efficient optimization of social wellbeing. In order to correct market price distortion, 
appropriate policy should capture external costs associated with generating electricity from a 
given source as much as possible.  
In this study, we analyze the well estimated the lifecycle base (explicit) and external 
cost for generation through literature review. Literature review of international studies shows 
a broad range of estimations for explicit and external costs for coal and nuclear power plants 
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and presents upper and lower bound estimations. On the other hand, literature review of 
domestic studies shows explicit and external cost estimation based on specific technology, 
natural endowment, and geographical characteristics in the context of South Korea. 
Concerning nuclear power plants, however, only a few studies have been conducted on the 
subject so far. Furthermore, nuclear externalities estimated in previous researches vary 
greatly, ranging from 0.33 to 104.39 USD / MWh depending on the research method. Thus, 
this study attempts to estimate nuclear externalities by using life satisfaction quantitative 
analysis. 
The implication of this study is that the government’s investment to fund a specific 
power plant has a significant impact on the whole economy and wellbeing of the society. In 
this respect, government’s investment on energy projects should be determined in 
consideration of external costs so that the government could choose a better investment 
opportunity that creates more net benefits to the economy than other options for the use of 
energy sources in question. Based on the economic analysis of explicit and external costs, this 
study presents policy proposal for investing in alternative energy sources in consideration of 
externalities in South Korea. 
1.2. Research question 
1.2.1. Which energy source is the least cost in consideration of externalities in South Korea?  
 To generate a given amount of electricity energy, the costs are categorized by explicit 
and external costs. These costs are calculated on a per Megawatt-hour (MWh) known as 
levelized cost of electricity (LCOE). Based on literature and quantitative analysis, this study 
compares the total cost including explicit and external costs for coal and nuclear power plant 
in Korea. 
1.2.2. How can we measure the externalities of nuclear power plants? 
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In case of a coal-fired power plant, the method of estimating external costs has been 
fairly well standardized in the literature. However, in case of a nuclear power plant, only 
handful of studies on measuring nuclear externalities in Korea are available. Furthermore, the 
results on previous studies are not coherent.  
In case of a nuclear power plant, the potential nuclear accident account for most 
externalities. Thus, in this study, life satisfaction quantitative methodology is adopted to 
measure the externalities by investigating the relationship between Ulsan citizens’ life 
satisfaction and the distance of their place of residence from Kori and Wolsong nuclear 
power plants (NPPs).  
 
1.2.3. What is the implication for energy policy in South Korea? 
In making investment decision, the South Korean government does not fully consider 
external costs of electricity generation, which distorts the market price of electricity. Based 
on the analysis of this study, we suggest policy proposal on Korea energy policy.  
 
2. Literature review 
If external costs are not fully internalized, the electricity price is underestimated and 
thus energy generated with smaller externality tends to be adopted less than socially optimum 
quantity that maximizes the wellbeing of the whole society. Therefore, the total energy cost 
must be calculated by incorporating external costs. However, at the moment, a majority of 
governments consider explicit costs and do not take account of external costs. 
 This chapter presents the upper and lower bound of explicit and external costs for 
various energy sources by examining the international studies. The costs of electricity 
generation among countries vary greatly based on technology level, natural endowments, and 
geographical characteristics. So, this study also reviews the domestic studies on measuring 
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costs of electricity generation in South Korea specifically. Lastly, this study summarizes the 
limitation of previous literature and contribution of this paper. 
2.1. Overview of the international studies 
The explicit costs represent the costs paid by the power plant operator to construct the 
facility and produce electricity. The main items of explicit costs include capital costs (the cost 
of constructing the plant itself), fixed and variable operations and maintenance (O&M), and 
fuel costs (World Bank, 2011). In 2011, World Bank examines various estimates of the 
explicit LCOEs as followings in Table 1. 
Table 1. Explicit costs of electricity generation 
Unit: USD / MWh 
Research Pulverized Coal Nuclear  LNG Wind Solar Biomass 
IEA 2010, OECD 81 57 89 108 211 54 
IEA 2010, Non-OECD 41 41 53 70 - 78 
Industry 62 54 75 69 154 - 
EIA 2010 96 116 64 99 317 114 
MIT 2003 52 82 50 - - - 
CERI 2004 50 68 63 - - - 
RAE 2004 56 49 48 115 - 145 
University of Chicago 2004 44 71 48 - - - 
IEA/NEA 2005 57 59 62 114 161 90 
IEA/NEA 2005 58 79 73 170 - - 
MIT 2007 55 - - - - - 
CBO 2008 62 81 64 - - - 
EC 2008 65 97 79 132 301 197 
EPRI 2008 71 81 88 101 194 88 
House of Lords 2008 91 100 86 161 - 199 
MIT 2009 69 93 72 - - - 
Source : Grausz, 2011 
In addition, the World Bank examined the best estimated the external cost for 
generation as followings in Table 2. 
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Table 2. External costs of electricity generation - 2010$/MWh 
Research 
Non- Renewables Renewables 
Coal Nuclear Natural Gas Wind Solar Biomass 
RFF / ORNL  2.3 0.5 0.4 - - 3 
Rowe et al  1.3-4.1 0.2 0.3 0 - 4.8 
ExternE 2005 27-202 3.4-9.4 13.4-53.8 0-3.4 - 0-67 
NRC 2010 2-126 - 0-5.8 - - - 
Epstein el al 2011 180.7 - - - - - 
Rafaj and Kypreos 
2007 58 10.5 29.5 2.1 6.3 10.5 
Source: Grausz, 2011 
Using the preferred estimates for explicit (IEA, 2010, Non-OECD) and external cost 
(Rafaj and Kypreos 2007), the World Bank calculated the total cost of electricity generation 
as followings. 
Table 3. The summary of total costs estimated by the World Bank - 2010$/MWh 
Research 
Non- Renewables Renewables 
Coal Nuclear Natural Gas Wind Solar Biomass 
Explicit costs 41 41 53 70 154 78 
External costs 58 11 30 2 6 11 
Total 99 52 83 72 160 88 
Source: Grausz, 2011 
Based on this analysis, World Bank argued that a pulverized coal power plant is not 
the cheapest option in consideration of external costs. Although the World Bank studies on 
measuring externalities applied the extensive methods, it has a problem of the nuclear 
externality identification by excluding a potential severe nuclear accident. Various studies 
argue that a potential nuclear accident is an important element of nuclear externality. For 
instance, Ea Energy Analyses identifies possible nuclear accident as major element of 
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external costs (Ea Energy Analyses, 2007). Moreover, Nuclear Energy Agency (NEA) also 
defines external costs as future financial liabilities due to decommissioning and dismantling 
of nuclear facilities, health and impact of radioactivity diffused in operation, spent fuel and 
effects of severe accidents (NEA, 2003). However, the majority of studies on measuring 
nuclear externalities disregard effects of potential accidents because of the difficulty of 
estimating potential nuclear accidents with certainties.  
Overall, international studies are useful benchmarking points with which we can 
estimate the upper and lower bound estimation of costs for each power plant. However, the 
total costs for each power vary greatly, depending on level of the technology, natural resource 
endowment, and research methodology. For example, according to the research by IEA in 
2015, the private cost for nuclear in United Kingdom is 101 USD / MWh whereas the private 
costs for APR-1400 (an advanced pressurized water nuclear reactor developed by KEPCO) 
are 40 USD / MWh, respectively (IEA, 2015). In case of coal power plants, LCOEs range 
from 76 USD / MWh in Germany to 107 USD / MWh in Japan. 
Thus, the analysis should be conducted at the regional and country level to enable 
comparison between sources of generation. 
2.2. Overview of the domestic studies on measuring externalities 
The main components of coal-power external costs are air pollution and greenhouse 
gas emission whereas the main component of nuclear external costs is potential nuclear 
accident (Ea Energy Analyses, 2007). In order to measure coal external costs, many research 
applied the techniques on evaluating air pollution to public health mainly consists of clinical 
research and epidemiological research (Burtraw, 2012). 
On the other hand, the literature on the evaluation of nuclear-power externalities 
mainly comprises (1) revealed preference methods such as the Hedonic Method (HM), (2) 
stated preference methods such as the Contingent Valuation Method (CVM) and Choice 
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Experiment (CE). The revealed preference uses an analysis of behavior to estimate the 
willingness to pay (WTP) for health, environmental, or other types of improvement whereas 
the stated preference uses structured survey to ask directly an individual’s WTP for health or 
environmental improvement (Burtraw, 2012). 
In this chapter, this study examines previous domestic literatures on the estimated 
costs of electricity generation for domestic coal- and nuclear-power plants. 
2.2.1 Estimated external costs of electricity generation for coal 
Using the CE method, Choi et al. (2014) estimated the willingness to pay in the 
changes of energy source, taking into account social costs such as accident risk and 
greenhouse gas emission. According to their paper, the WTP to reduce the share of coal 
power plant by 1% is 38 USD / MWh (Choi et al., 2014).  
Secondly, Moon et al. (2000) estimated external costs of air pollution by using 
AIRPACTS model for coal power plant. In their studies, the total external cost of 
Samcheonpo coal power plant was about $373.9M per year. Out of the total cost, while 628.6 
million USD represented negative impacts on health, 254.7 million USD was benefits from 
the coal power plant by generating SO2 that can be used as a fertilizer to crops. The above 
two studies did not apply the LCOE methodology, so comparison with difference sources of 
generation is not feasible. 
Lastly, Korea Power Exchange (KPX) in 2014 estimates externalities of coal by 
using Simplified Universal World Model. In its research, carbon dioxide emission and air 
pollution are considered as main external costs for coal power plants in Table 4 (KPX, 2014).  
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Table 4. The levelized costs of electricity generated by coal 
Unit: USD / MWh 
Component Bituminous Coal 
 (A) – Explicit costs 54.45 
 (B) – External costs 23.45 ~ 39.82 
Carbon dioxide 14.36 
Air Pollution 9.09 ~ 25.45 
Total costs (A+B) 77.90 ~ 94.27 
Source: KPX, 2014 
 
2.2.2. Methodology of measuring external costs of nuclear 
(1) The revealed preference methods (The HM) 
The HM has been widely used in studying environment evaluation. Since externalities 
impact the differentiated market goods of housing and jobs, therefore the housing and labor 
markets reflect externalities. Wage and rent differentials work as implicit prices and 
correspond in equilibrium to the individuals’ marginal willingness to pay for the public good 
(Rosen, 1974). This study did not find any literature on measuring nuclear externalities based 
on the HM in South Korea. 
(2) The Stated preference methods (The CVM) 
A few studies based on the CVM have attempted to measure the risk of nuclear power 
plants. Respondents were asked to value a specific public good under well-specified 
conditions (Carson el al., 2003). In 2013, Korea Environment Institute (KEI) measured 
Nuclear Power Plant (NPP) externalities by asking 1000 respondents based on 2 survey 
designs. The first survey design asked people’s Willingness to Pay (WTP) for mitigating 
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nuclear accident risk in general. Based on results of the survey, the KEI argued that NPP’s 
externalities for general nuclear risk range from 4.18 to 6.93 USD / MWh (KEI, 2013).  
In the second survey design, people were asked about their WTP for avoiding the 
construction of NPPs in their neighborhood area. Not surprisingly, the WTP for avoiding the 
construction of NPPs in proximity is much higher (57.31 to 104.39 USD / MWh) than 
nuclear risk in general (KEI, 2013). 
2.3 Limitation of previous literatures and contribution of this paper 
A few researches on measuring coal and nuclear external costs are conducted in South 
Korea. In case of the HM, no study has been conducted as far as this study researched. 
Moreover, the HM has its own limitation due to the unrealistic assumption of the hedonic 
locational equilibrium that the housing market and the labor market are perfectly equilibrium. 
This assumption is justified only (1) when people have a perfect information, (2) when there 
is a wide range of houses and jobs, (3) when prices adjust quickly, (4) when transaction and 
moving costs are marginal, and (5) when there is no market regulation (Freeman, 2003, p. 
366). In short, the HM tents to draw biased results if markets are not in equilibrium condition 
(Bruno, 2009).  
Secondly, the results of the studies on measuring nuclear externalities with the CVM 
are likely to be either biased or inconsistent because of the hypothetical nature of CVM. The 
hypothetical characteristics of CVM surveys tends to have shallow answers because most 
respondents are unfamiliar with putting monetary values on risk of nuclear: extremely high 
risk and extremely low frequency. As a result, the CVM might not adequately represent the 
true evaluation of nuclear risk due to information bias that arise when respondents must 
evaluate attributes with which they are not familiar. Symbolic valuation in the form of 
attitude and shallow answers tends to bias result (Kahneman & Knetsch, 1992).  
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Furthermore, strategic behavior as in the case of NPPs is more likely to bias the result 
of CVM than other projects because the benefits of NPPs are diffused among many people 
whereas the costs of NPPs are concentrated among few people. The bipolar attitude towards 
NPPs intensifies strategic bias that occurred when respondent provides a extreme answer to 
influence a specific outcome that one desires. 
 In this regard, this study applies the Life Satisfaction Approach (LSA) offering a 
complementary evaluation method that obviates the inherent problems in the CVM and the 
HM. Since the LSA does not assume the hedonic equilibrium assumption, it can avoid biased 
results of the HM. In the LSA, respondents are not required to value hypothetical NPP risk 
directly, but to measure respondents' life satisfaction in relation with income and distance 
away from a nuclear power plant. Since the LSA takes less cognitive task and has no reason 
to display strategic behavior, it can prevent biased hypothetical nature of the CVM.  
This paper contributes to measuring NPP externalities by applying LSA for the first 
time in South Korea. Moreover, this study compares the least costs between coal and nuclear 
power plants in the consideration of the externalities.  
 
3. Framework on measuring explicit and external costs for coal and nuclear 
 The purpose of the economic analysis is to assess the net cost of coal and nuclear 
power plants from a societal perspective because we have to use the limited resources in most 
efficient way. In many aspects, economic analysis differs from financial analysis. For 
example, economic analysis has a long-term perspective, and reflects a socio-economic 
discount rate, and takes into consideration as many external impacts as possible. (Danish 
Energy Agency, 2015).  
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Table 5. Differences between economic and financial analyses 
Framework Economic analysis (public sector) 
Financial analysis 
(private sector) 
Viewpoint Overall society Investor / Developer 
Decision criteria Positive net present value Payback or internal rate of return 
Timeframe Life cycle (technical life) Often shorter term 
Discount rate Reflects social preferences and other factors 
Reflects costs of borrowing, desired 
returns (normally higher than the 
economic discount rate) 
Energy prices 
(benefits) 
Social values reflect willingness to pay; 
alternative uses Prevailing market prices 
Costs Overall costs to society Private, prevailing market prices 
Taxes and subsidies Ignored Considered 
Social infrastructure (e.g. 
roads) Considered Ignored, if not part of investment 
External impacts Analyzed as much as possible Ignored 
Source: Ea Energy Analyses, 2007 
The economic analysis provides a framework to calculate the most important cost 
components in a socio-economic evaluation of coal and nuclear power plants. The 
conventional LCOE method focuses merely on the explicit costs of electricity generation 
whereas the analysis of this study includes climate costs and the cost of air pollution as well 
as potential nuclear accident costs.  
In this chapter, we estimate the explicit and external costs of coal power plants 
through the analysis of previous literature. Furthermore, we calculate not only the explicit 
through the data from the previous studies, but also external costs of nuclear power plants 
through the life satisfaction quantitative analysis. 
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3.1. The conditions and assumptions to calculate the private costs for coal power plants 
 As this study examines in the literature review in chapter 2, the range of the total 
costs generated by coal is extremely broad because every study uses different assumptions 
such as discount rate, components of externality, utilization rate, and the application of 
economic analysis or financial analysis.  
In order to compare total costs for coal and nuclear, it is required to apply the same 
assumptions to make the level playing field for fair comparison. Due to lack of information 
on a coal power plant in Korea, this paper uses the data provided by the research conducted 
by the KPX in 2014. Based on these data, this study applied equal conditions and 
assumptions for both coal and nuclear power plants based on 3 different scenarios (Low, 
standard, and high estimations). 
Table 6. The summary of the conditions and assumptions for coal power pants 
Component Low Standard High Note 
Capacity 1000 MWe 1000 MWe 1000 MWe IEA in 2010 
Expected Life Time (ELT) 30 years 30 years 30 years IEA in 2014 
Utilization rate 70% 65% 60%  
Construction costs 1,305,000,000 1,305,000,000 1,305,000,000 KPX in 2014 
Operation and Maintenance 
including fuel and 
decommissioning cost 
216,500,000 216,500,000 216,500,000 KPX in 2014 
Discount Factor (DF) 5% 7% 12%  
Station Internal Power (SIP) 4% 4% 4%  
Electricity generated 5886720 MWh 
5466240  
MWh 
5045760 
MWh 
Capacity * (1-
SIP) *365 * 24 
hours / day 
Capital recovery factor 5.3% 7.5% 13.4% 
DF * 
(1+DF)^ELT / 
(1+DF)^(ELT-1) 
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3.2. The conditions and assumptions to calculate the private costs for NPPs 
The costs of nuclear power plants (NPP) consist of (1) the direct costs of generating 
electricity, (2) external costs that are already internalized and (3) external costs that have yet 
to reflect on the market price. In case of NPPs, the capital and operating costs of NPPs and 
fuel cycle facilities, and stringent regulation already internalize a major portion of the 
external costs (OECE/NEA, 2003).  
In this regards, this study firstly identifies (1) the direct costs, (2) internalized 
externalities, and (3) un-internalized externalities. Secondly, this study discerns external costs 
(un-internalized externalities) from explicit costs, including direct costs and internalized 
externalities. Lastly, this study calculates not only explicit costs borne by consumers of a 
good, product, or service, but also social costs borne by society.  
In South Korea, the benefits of NPPs including security of supply, cost stability, and 
diminishing other pollutant gases are also not internalized. However, those positive 
externalities have been studied and the results indicate that they are not a major cause of price 
distortion (OECD/NEA, 2003).  
Thus, this study not only disregards positive externalities of NPPs but also does not 
take account of policy costs borne by a society that finance nuclear energy R&D, the NPP 
neighboring community support, public acceptance, government funded nuclear related 
institutions and so on. Components of direct costs, internalized, and un-internalized 
externalities are categorized in Table 7. 
Table 7. The summary of cost items 
A: Direct Costs  B: Internalized externalities C: Un-internalized externalities 
1. Construction (Investment) 
2. Operation and maintenance 
3. Fuel 
1. Decommissioning 
2. Spent Fuel Management 
1. Health and environmental 
impact 
2. Radioactive waste disposal 
3. Effect of severe accidents 
* Explicit costs = A+ B        * External costs = C 
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In order to compare total costs for coal and nuclear, this study applies the same 
assumptions when calculating the costs of coal-power plant. Based on these data, this study 
applied equal conditions and assumptions for both coal and nuclear power plants based on 3 
different scenarios (Low, standard, and high estimations). 
Table 8. The summary of the conditions and assumptions for nuclear power plantpants 
 
Component Low Standard High Note 
Capacity 2910 MWe 2910 MWe 2910 MWe Kori 3 & 4 
Expected Life Time (ELT) 40 years 40 years 40 years IEA in 2010 
Utilization rate 95% 90% 85% IEA in 2010 
Discount Factor (DF) 5% 7% 12%  
Station Internal Power (SIP) 4% 4% 4%  
Electricity generated 23,248,339 MWh 
22,024,742 
MWh 
20,801,145 
MWh 
Capacity * (1-
SIP) *365 * 24 
hours / day 
Capital recovery factor 5.3% 7.5% 13.4% 
DF * 
(1+DF)^ELT / 
(1+DF)^(ELT-1) 
 
4. Explicit and cost of nuclear power plants 
Explicit cost comprises of the direct cost of generating electricity and internalized 
externalities. The direct costs can be divided into three main components: construction, 
operation and maintenance (O&M), and fuel whereas internalized externalities can be divided 
into two main components: decommissioning and spent fuel management. 
4.1. Construction Cost 
 According to OECD / Nuclear Energy Agency (NEA), construction costs of NPPs 
include a long list of items from land acquisition to construction, and cover indirect costs 
such as design and commissioning of the plant as well as contingencies and interest during 
construction (NEA, 2000b). This study uses the construction costs of Shin Kori 3 & 4 to 
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calculate the levelized costs of electricity (LCOE). According to National Assembly Budget 
Office (NABO), the construction costs of Kori 3&4 are USD 5,891 million under the 
financial analysis.  
 However, this financial analysis should be converted to economic analysis. Under the 
framework of economic analysis, construction cost excludes land acquisition, interest during 
construction and subsidy to a NPP neighboring regional community should be excluded. Also, 
shadow prices should be applied based on localization rate of nuclear power plants to convert 
financial analysis to economic analysis because the use of shadow prices maximizes the 
national welfare.  
Table 9. Localization rate of nuclear power plants 
Category Kori1 Kori2 Wolsong1 Kori3&4 YG1&2UC1&2 YG3&4 UC3&4 . YG5&6 
Shin 
Kori 
 Construction 
period 
1970–78 1976–83 1975–83 1978–86 1979–87 1981–90 1987–96 1991-99 
1993-
02 
Architecture 
Engineeringa 
0% 0% 16% 37% 44% 46% 75% 90% 95% 
Equipmentb 8% 13% 14% 29% 35% 40% 74% 75% 79% 
a
The data in the row of Architecture Engineering represents the participation rate of local manpower in man-hours 
b
The case of Equipment represents the rate of domestic supply in money 
Source: Korea Electronic Power Generation Website (2016) 
Table 10. The economic evaluation on construction costs of Kori 3 & 4 
Item Cost (USD) 
Construction (Economic analysis) 3,965,727,273 
   Local equipment -79%     2,052,779,091  
   Imported equipment -21%     447,453,873  
   Construction      993,181,818  
   Local service -95%     355,386,364  
   Imported service -5%     18,704,545  
   Land acquisition, IDC and subsidy to a NPP 
neighboring regional community     1,926,181,818 (Ignored) 
Source: National Assembly Budget Office (2014) 
4.2. Operation and Maintenance cost (O&M) 
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The O&M cost of NPPs are not disclosed to the public. Thus, following the precedent 
study by the KEI, this study assumes the O&M costs of NPPs are 4% of the construction 
costs. 
- The O&M costs = The construction cost * 0.04 = USD 231,747,500  
4.3. Nuclear Fuel Cost 
 241 fuel assemblies are installed onto Advance Pressurized Reactor (APR)1400 
reactors and combusted through nuclear chain reaction. After 16 months, one third of the fuel 
assemblies are replaced. Based on the NABO, the KHNP used 133 fuel assemblies annually 
for Kori 3&4 and unit price of nuclear assembly is 2,360 USD / kg.  We converted financial 
value into economic value by applying Shadow Exchange Rate Factor (SERF). 
- Financial value = 133 assemblies * 450 kg/an assembly * 2360USD/kg = USD 141,246,000 
- Economic value = USD 141,246000 * SERF (0.82) = USD 115,821,720 
4.4. Decommissioning and spent fuel cost 
Nuclear power reactor need to be decommissioned when they reach the end of its 
design life (Moon, 2013). In 2013, Korea government internalized decommissioning costs by 
imposing 548,454,545 USD / 1 NPP and spent fuel management costs by imposing 290,909 
USD / an assembly in conformity with a rule on calculating standard price on radioactive 
waste management and spent fuel management costs. 
- Decommissioning cost = 548,454,545 USD / 1 NPP 
- Spent fuel management cost = 290,909 * 133 assemblies for Kori 3 &4 = 67,070,701 USD  
4.5. The levelised costs of electricity for explicit cost 
 In order to calculate the levelised costs of electricity for explicit costs, this study 
treats construction costs as annual expenses by applying the capital recovery factor (CRF). 
The CRF is defined as the amount of the same payments to be received for n years such that a 
payment of one dollar at the moment is equal to the total present value of all these equal 
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payments if interest rate is i. The CRF is able to convert a present value into a stream of the 
same annual payments over a specified period, at a specified discount rate. 
 
5. External cost of nuclear power plants in South Korea 
5.1. Methodology 
 Life satisfaction quantitative methodology is applied to find out the relationship 
between Ulsan citizens’ life satisfaction and the distance of their residence from Kori and 
Wolsong NPPs. The empirical analysis conducted by this study uses survey data for up to 
7,767 Ulsan citizens. The data includes information on respondents’ level of life satisfaction, 
the address of the respondents, household income, sex, age, education level, marital status, 
religion, work satisfaction and occupation.  
5.2. Conceptual and Empirical background for nuclear externalities 
5.2.1 Conceptual model and Hypotheses 
 Given the people’s income, the consumer chooses the affordable bundle of a 
numeraire that maximizes one’s utility. The total expenditure cannot exceed income. Based 
on utility maximization function, people obtain their highest utility by optimization of income 
to buy the marketable goods and perceived nuclear risk. So, the utility maximization function 
of an individual with personal characteristics θ, takes the following form. 
𝑢 =  𝑣 (𝐼,𝑁𝑁,𝜃)  −−−−−−−−−−−−−−− (1) 
 
In this formulation, I denotes for income, and NR denotes nuclear risk. Perceived 
nuclear risk is divided into two factors. NR takes the following form. 
𝑁𝑁 =  𝐷 ∗  𝜋 −−−−−−−−−−−−−−−−−−−−−−−−− (2) 
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In this formulation, D denotes expected damage associated with accident whereas π 
denotes the probability of an accident (Welsh, 2016). This study anticipates expected damage 
D decreases in distance to the nearest NPPs.  
The limitation of this specification is that risk averse and pessimistic people about 
nuclear are more likely to choose their residences in more distance place from the NPPs. 
Thus, the result of this regression for distance on nuclear risk should be considered as the low 
bound estimation for nuclear risk because expected damage (D) has negative relationship 
with distance. However, the probability of accident (π) has positive relationship with distance, 
creating attenuating effect because people with high probability of accident are more likely to 
choose their residences in more distance place from the NPPs if ceteris paribus. Using NR = 
D(distance) * π(distance), the formulation (1) can be expressed as follows: 
𝑢 =  𝑉 (𝐼,𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑,𝜃)  −−−−−−−−−−−−−−− (1’) 
 
 In this formulation, this study measures the NPP externalities by using the derivative 
of V with respect to distance. This study expects that the coefficient of distance for utility is 
positive when income and individual characteristics are controlled.  
5.2.2. Empirical Background 
In 2016, a total gross capacity of 21.6 GWe (21696 MWe) is installed in the 24 
operating Korean NPPs, comprising 20 Pressurized Water Reactors (PWRs) and 4 CANDU 
pressurized heavy water reactors (PHWRs). Table 11 shows the status of NPPs in South 
Korea. 
Table 11. Nuclear Power Reactors Operating in South Korea 
S/N Name Reactor Capacity (MWe) Reactor Supplier 
Commercial 
Operation 
Planned 
Close 
1 Kori 1 PWR 576 Westinghouse (US) 29.04.1978 2017 
2 Wolsong 1 CANDU 645 AECL (CAN) 22.04.1983 2022 or 2023 
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3 Kori 2 PWR 639 Westinghouse (US) 25.07.1983 2023 
4 Kori 3 PWR 1003 Westinghouse (US) 30.09.1985 2025 
5 Kori 4 PWR 1001 Westinghouse (US) 29.04.1986  
6 Hanbit 1 (YG) PWR 958 Westinghouse (US) 25.08.1986  
7 Hanbit 2 (YG) PWR 953 Westinghouse (US) 10.06.1987  
8 Hanul 1 (UC) PWR 960 Framatome (FR) 10.09.1988  
9 Hanul 2 (UC) PWR 962 Framatome (FR) 30.09.1989  
10 Hanbit 3 (YG) System 80 998 Hanjung/C-E (ROK/US) 31.03.1995  
11 Hanbit 4 (YG) System 80 997 Hanjung/C-E (ROK/US) 01.01.1996  
12 Wolsong 2 CANDU 653 AECL/Hanjung(CAN/ROK) 01.07.1997  
13 Wolsong 3 CANDU 675 AECL/Hanjung(CAN/ROK) 01.07.1998  
14 Hanul 3 (UC) KSNP 994 Hanjung/C-E (ROK/US) 11.08.1998  
15 Wolsong 4 CANDU 679 AECL/Hanjung(CAN/ROK) 01.10.1999  
16 Hanul 4 (UC) KSNP 998 Hanjung/C-E (ROK/US) 31.12.1999  
17 Hanbit 5 (YG) KSNP 988 Doosan (ROK) 21.05.2002  
18 Hanbit 6 (YG) KSNP 995 Doosan (ROK) 24.12.2002  
19 Hanul 5 (UC) KSNP 996 Doosan (ROK) 29.07.2004  
20 Hanul 6 (UC) KSNP 996 Doosan (ROK) 22.04.2005  
21 Shin Kori 1 OPR-1000 996 KHNP/Doosan (ROK) 28.02.2011  
22 Shin Kori 2 OPR-1000 993 KHNP/Doosan (ROK) 20.07.2012  
23 Shin Wolsong 1 OPR-1000 991 Doosan (ROK) 31.07.2012  
24 Shin Wolsong 2 OPR-1000 1050 Doosan (ROK) 24.07.2015  
Total 24 units 21696    
- PWR: Pressurized Water Reactor (light water reactor) 
- System 80: PWR designed by Combustion Engineering 
- CANDU: Canada Deuterium Uranium reactor (pressurized heavy water reactor) 
- KSNP: (Generation I) Korean Standardized Nuclear Plant 
- OPR-1000: (Generation II) Optimized Power Reactor (a new name of KSNP) 
- APR1400: (Generation III) Advanced Pressurized Reactor 
Source: KHNP Homepage (2016) 
Table 12. Nuclear Power Reactor under Construction or Planned in South Korea 
S/N Name Type of Reactor 
Capacity 
(MWe) 
Start 
Construction 
Commercial 
Operation 
1 Shin Kori 3 APR1400 1455  2016 
2 Shin Kori 4 APR1400 1455  2016 
3 Shin Hanul 1 (UC) APR1400 1455  2017 
4 Shin Hanul 2 (UC) APR1400 1455 2013 2018 
5 Shin Kori 5 APR1400 1455 2014 2021 
6 Shin Kori 6 APR1400 1455 2015 2022 
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7 Shin Hanul 3 (UC) APR1400 1455 2016 2022 
8 Shin Hanul 4 (UC) APR1400 1455 2017 2023 
9 Shin Kori 7 APR1400 1455   
10 Shin Kori 8 APR1400 1455   
Total Under Construction : 10 14550   
Source: KHNP Homepage (2016) 
Out of 24 operating NPPs, 12 NPPs are located in the neighboring area of Ulsan 
districts. Moreover, 6 additional NPPs in Kori are expected to operate in near future. 
According to the research, Kori and Wolsong are ranked the first and third in the world in 
terms of population exposure in 30km proximity to NPPs among the mega NPPs1. Kori has 
3.4 million and Wolsong has 1.3 million citizens in 30km proximity to NPPs (SEDAC, 2015). 
It is safe to say that the citizens of Ulsan are besieged by mega NPPs as illustrated by Table 
13. Moreover, the citizens of Ulsan are exposed to nuclear waste because the spent fuel is 
stored at the NPPs since South Korea has yet to have spent fuel storage sites.  
As a result, any disutility from the presence of NPPs includes the disutility from 
nuclear waste disposal. In South Korea, NPPs have been seriously discussed and broadcasted 
by media, so people are well aware of the exact location of NPPs. Also, most respondents in 
survey are expected to have chosen their residences after the construction and commission of 
the NPPs because Kori and Wolsong NPPs have been operated since 1978 and 1997 
respectively.  
                                                 
1 Mega NPPs is defined as a place where more than 6 NPPs are located 
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Table 13. A Map of Wolsong and Kori NPPs with neighboring Ulsan districts 
 
Jung-gu (Central) 
 
Nam-gu 
(South)  
Dong-gu (East) 
 
Buk-gu (North) 
 
Ulju-gun 
 
  
5.3. Method 
5.3.1 Data 
 The dataset derives from Ulsan statistics on citizen’s living condition and 
consciousness in 2014 and 2016. These statistics are conducted biennially. The dataset 
contains 7,767 observations and information on respondents’ level of life satisfaction, the 
address of respondents, household income, sex, age, education level, marital status, religion, 
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work satisfaction and occupation. The dataset does not have information about distance to the 
NPPs, but does contain detailed address of residences, so this study could estimate each 
respondent's distance from one's residence to Wolsong and Kori NPPs as illustrated Table 14. 
Table 14. Respondent distance from one's residence to Wolsung and Kori NPPs 
 
 
 
 
 The dependent variable used to represent utility is life satisfaction. The value of life 
satisfaction ranges from 0 = ‘totally dissatisfied to 10 = ‘totally satisfied’. This study used 11-
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point ordinal scale as the dependent variable. As the independent variable of interest, this 
study uses (1) distance from Wolsong and (2) distance from Kori. As the independent 
variables, this study uses (1) household income and (2) the socio demographic characteristics 
included in regression (age, religion, work satisfaction, sex, marriage, work satisfaction and 
education).  
5.3.2 Discussion of Subjective Well-Being Data 
This study measure NPPs externalities by using data on life satisfaction as a proxy for 
subjective well-being. Using life satisfaction for environmental valuation has strengths and 
weaknesses. (Welsch and Kühling, 2009; Frey et al., 2010; MacKerron, 2012). The advantage 
of using subjective data is that that it does not depend on stated evaluation of the issues under 
study. Rather, life satisfaction data are independent of those issues, and it is the purely 
statistical association between life satisfaction and the independently measured variables of 
interest that is taken as a measure of preference (Welsch, 2016).  
Even though life satisfaction is ordinal variable, it can be interpreted as an ordinal 
variable under ordinal interpersonal comparability. Ferrer-i-Carbonell and Frijters (2004) and 
many others literature argue that treating life satisfaction to be ordinal or cardinal and 
applying the corresponding estimation methods has little effect on qualitative results. In this 
study, the sign of coefficients is [are] same and the ratios of coefficients are similar when life 
satisfaction is treated ordinal and cardinal as explained in 5.1. Main result????.  
5.3.3 Empirical Strategy 
 This study estimates life satisfaction functions where the self-reported life 
satisfaction of individual i depends on one’s income, distance to NPPs, and the socio 
demographic characteristics (age, religion, work satisfaction, sex, marriage, and education). 
The estimating equation can be written as follows: 
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𝐿𝐿𝑖 =α + β1𝑙𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑖 + β2𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑𝑖 + β3𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑙𝑑𝑖 + 𝛿𝑑𝑑𝑑𝑑𝑣𝑑𝑑𝑢𝑑𝑙 𝑑𝑙𝑑𝑑𝑙𝑙𝑙𝑖 + 𝜀𝑖 
where 𝜀𝑖 denotes the error term.  
This equation represents Eq. (1’), where the vector of controls corresponds to the 
personal characteristics θ from the conceptual model. As many literatures argue, income is 
transformed into logarithmic form in the regression because they have diminishing return for 
marginal utility. Distance is also transformed into logarithmic form. This study use 2 
different variables regarding distance, including (1) distance from Wolsong and (2) distance 
from Kori. 
5.4. Results and interpretation 
In this analysis, this study treats the dependent variable, life satisfaction, as a cardinal 
variable by using ordinary least square. As robustness checks concerning the treatment of life 
satisfaction as a cardinal variable, in the second model, this study uses an ordered logit model 
as an estimator. As this study shows, signs of coefficients are same and the ratios of 
coefficients are similar whether life satisfaction is treated ordinal or cardinal. 
Table 15. Specification of life satisfaction regression – Distance to Wolsong and Kori NPPs  
Dependent Variable OLS Ordered logit 
lnincome 
0.21218*** 0.18834*** 
(0.041096) (0.03941) 
lndistant from Wolsong 
0.378598*** 0.51263*** 
(0.090808) (0.12341) 
lndistant from Kori 
0.282434*** 0.34433*** 
(0.082943) (0.11205) 
Constant 
0.876353  
(0.543098)  
Micro variables Included Included 
Observations 7,767 7,767 
R-squared 0.4262  
Adj.R-squared 0.4257  
Note: Standard errors in parentheses. The dependent variable is 11-point life satisfaction.   
*** p<0.01, ** p<0.05, * p<0.1 
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Table 15 reports estimation result for the distance from Wolsong and Kori variables. 
The OLS model captures distance to Wolsong NPPs. Distance to Wolsong NPPs indicates 
that 1 = 1km, 2 = 2km…40 = 40km.  
Life satisfaction is statistically positively related to income at the 1% level and 
quantitatively, 1% change in income is likely to increase 0.21 point of life satisfaction. In the 
data set, the value of life satisfaction ranges from 0 = ‘totally dissatisfied to 10 = ‘totally 
satisfied’ and mean life satisfaction is 5.568 point. Furthermore, distance to Wolsong and 
Kori NPPs is statistically positively related to life satisfaction at the 1% level and 
quantitatively, 1% change in distance from Wolsong is likely to increase 0.37 point of life 
satisfaction whereas 1% change in distance from Kori is likely to increase 0.28 point of life 
satisfaction.  
5.5. External costs of nuclear power plants 
Social costs can be divided into three main components: (1) health and environmental 
impact, (2) radioactive waste disposal, and (3) effect of severe accidents. Based on life 
satisfaction approach, this study is able to include three main components of social cost into 
externalities. NPP externalities can be quantified in terms of LS units and monetary units. 
Individual life satisfaction depends on income I, distance to NPPs, and a set θ’z of macro-
level determinants of the LS. A change in the nonmarket good of Δ distance is valued by Δ I 
(corresponding to an implicit WTP) if this holds the LS constant. For a marginal change of 
distance, the marginal WTP can be derived when the derivative of LS = 0  
𝑀𝑑𝑀𝑀 = −𝜕𝑖𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑖𝜕𝜕𝜕𝜕𝜕𝜕
 (Bruno, 2009). 
 
Based on formula by Bruno, the marginal WTP for nuclear risk can be calculated as 
followings:  
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* Stage 1 – Partial derivative of distance in relation with LS 
𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
=  𝜕
𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
 (α+ β1𝑙𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑑 + β2𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑𝑑 + β3𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑙𝑑𝑑 + 𝛿𝑑𝑑𝑑𝑑𝑣𝑑𝑑𝑢𝑑𝑙 𝑑𝑙𝑑𝑑𝑙𝑙𝑙𝑑 + 𝜀𝑑) 
= 𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
=  𝜕
𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
 (β2 ∗ lndistance ) 
= 𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
= β2 ∗ 𝜕𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑 ∗ 𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 
= 𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
= β2
𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑
 
 
* Stage 2 – Partial derivative of income in relation with LS 
𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑙𝑙𝑑
=  𝜕
𝜕𝑑𝑑𝑑𝑙𝑙𝑑
  (α + β1𝑙𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑑 + β2𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑𝑑 + β3𝑙𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑙𝑑𝑑 + 𝛿𝑑𝑑𝑑𝑑𝑣𝑑𝑑𝑢𝑑𝑙 𝑑𝑙𝑑𝑑𝑙𝑙𝑙𝑑 + 𝜀𝑑) 
= 𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑙𝑙𝑑
=  𝜕
𝜕𝑑𝑑𝑑𝑙𝑙𝑑
 (β1 ∗ lnincome ) 
= 𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑙𝑙𝑑
=β1 ∗ 𝜕𝜕𝑑𝑑𝑑𝑙𝑙𝑑 ∗lnincome 
= 𝜕𝐿𝐿
𝜕𝑑𝑑𝑑𝑙𝑙𝑑
= β1
𝑑𝑑𝑑𝑙𝑙𝑑
 
 
* Stage 3 – Calculating marginal willingness to pay for distance 
𝑀𝑑𝑀𝑀 = −𝜕𝑖𝜕𝜕𝜕𝜕𝜕
𝜕𝜕𝑖𝜕𝜕𝜕𝜕𝜕𝜕
=  β2𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑙𝑙𝑑𝑙𝑑𝑑 β1
𝑑𝑑𝑑𝑙𝑙𝑑
�    
 MWTP =    β2 β1 ∗ 𝑑𝑑𝑑𝑙𝑙𝑑 
 
* Stage 4 – Calculating average marginal willingness to pay for distance 
Average marginal willingness to pay for distance =   β2 β1 * Mean annual income𝑀𝜕𝜕𝜕 𝜕𝑖𝜕𝜕𝜕𝜕𝜕𝜕 𝑓𝑓𝜕𝜕 𝑊𝜕𝑊𝜕𝜕𝜕𝑊. 
 
This study uses the mean income of household from Ulsan citizen survey and the 
average number of person in household in Ulsan from Korea Census in 2010. Based on this 
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information, this study calculates NPP externalities for 1 km increase in distance as 
followings. 
Table 16. Implicit monetary value for nuclear risk in relation to distance 
Life Satisfaction with respect to Income and Distance  Value for Kori 
Value for 
Wolsong Note 
Coefficient of lnincome for LS 0.212 0.212 𝛽1 
Coefficient of lndistant for LS 0.282 0.378 𝛽2 & 𝛽3 
Coefficient of lndistant / coefficient of lnincome for LS 1.331 1.784  
Mean household income (Year) 31,342 31,342 USD 
The average number of person in household in Ulsan 2.860 2.860 
Population 
Census in 
2010 
Individual income = Household income divided by the number 
of family member 10,958.7 10,958.7 USD 
Mean distance from the NPP 24.97 23.99 km 
Externalities -for a 1km increase in distance 584.2(f) 815.1(g) USD 
The NPP externalities are function of the population in proximity to NPPs. If the 
population in proximity to NPP increases, the NPP externalities are also expected to increase. 
Thus, this study uses information on population in proximity to NPP by Nuclear Safety and 
Security Commission (NSSC) as followings: 
Table 17. Population proximity to Nuclear Power Plants 
Average 
distance  2.5 km (a) 6.5 km (b) 9 km (c) 13 km (d) 24 km (e) 
Proximity to 
NPP 5 km 8 km 10 km 16 km 32 km 
Kori 14020 (1) 22738 (2) 57563 (3) 206537 (4) 3404757 (5) 
Wolsong 6262 (6) 9638 (7) 10089 (8) 140850 (9) 1334369 (10) 
Source : Nuclear Safety and Security Commission  
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In order to calculate externalities, this study makes three assumptions. First, every 
population living within 5 km proximity to NPPs lives in 2.5km proximity to NPPs. Likewise, 
every population living between 5 and 8 km lives in 6.5km and so on. 
 Secondly, NPP externalities are uniformly applied to population living within 32km 
proximity to NPPs. Third, NPP externalities are not applied to population living 32km away 
from the NPP. Based on these three assumptions, Kori and Woslong NPP externalities can be 
calculated as following: 
Table 18. The calculation of NPP externalities 
Unit: USD  
Name 2.5 km (a) 6.5 km (b) 9 km (c) 13 km (d) 24 km (e) Total 
Formula for 
Kori f * (1) * (32-a)  f * (2) * (32-b)  f * (3) * (32-c) f * (4) * (32-d) f * (5) * (32-e) 
 
Formula for 
Wolsong g * (6) * (32-a)  g * (7) * (32-b)  g * (8) * (32-c) g * (9) * (32-d) g * (10) * (32-e) 
 
Kori 
externalities 241,614,043 338,722,921 773,434,248 2,292,469,723 15,912,127,557 19,558,368,492 
Wolsong 
externalities 169,628,466 225,678,797 213,078,491 2,457,390,117 9,802,336,023 11,422,283,882 
 
In order to calculate the LCOE for external costs, this study applies the same method 
and conditions when calculating the LCOE for private costs. The LCOE for external costs is 
calculated as followings: 
Table 19. The levelised costs of electricity for external costs 
Unit: USD / MWh 
Component LCOE 
 Wolsong externalities 24.09 
Kori externalities 37.16 
Average of Kori and Woslsong externalities 30.63 
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6. Comparative analysis between a coal and a nuclear power plant 
 The study found that nuclear is more economically competitive than coal in 3 
different scenarios when the externalities of coal and nuclear are considered as in Table 20.  
Table 20. Estimated total costs for coal and nuclear based on 3 different scenarios 
 
 
 
Since coal and nuclear power plants have different installed capacity and life time, it 
is not possible to compare coal and nuclear power plant through the least cost approach. In 
order to compare coal and nuclear power plants in the least cost approach directly, it is 
assumed that life time of coal and nuclear power plants is the same as 40 years. Also, the 
nuclear power plant (2910 MW) produces electricity 4.03 times more than the coal power 
plant (1000 MW). In order to have the same quantity of electricity from coal and nuclear 
power plants, it is assumed that 4.03 number of coal power plants (1000 MW) produce the 
equivalent electricity as one nuclear power plant (2910 MW). 
Based on these conditions and assumption in Table 21, this study calculates the least 
cost for both coal and nuclear power plants. 
Table 21. The least cost approach for coal and nuclear power plants 
 
Items Nuclear Coal 
I: Investment Upfront Cost ($) 3,965,727,273.00 5,259,150,000.00 
M: Maintenance & Operations Cost ($/year) 231,747,500.36 872,495,000.00 
F: Fuel 115,821,720.00  
SFM: Spent Fuel Management 38,690,897.00  
D: Decommission (At the end of lifetime) 1,096,909,090.91  
Externality 725,000,000.00 752,804,000.00 
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E: Electricity Production (kWh/year) 22,024,742,400.00 5,466,240,000.00 
Electricity production ratio between nuclear and 
coal 4.03 
Hypothetical Electricity Production 22,024,742,400.00 22,024,742,400.00 
Discount factor 0.07 0.07 
Station Internal Power (%) 0.04 0.04 
Capacity Factor (%) 0.9 0.65 
Installed Capacity (MW) 2,910.00 1,000.00 
Life time ( Year) 40 40 
Cost (Present Value - USD) 18,385,427,566.47 36,592,651,961.14 
 
As expected, the least cost approach also consistently shows that nuclear is more 
efficient investment than coal in consideration of externalities.  
Moreover, nuclear externalities estimated are overestimated because this study 
specifically estimate externalities of Wolsong and Kori. Kori and Wolsong NPPs are ranked 
as the 1st and 3rd in the world in terms of population exposure in 30km proximity (SEDAC, 
2015). As a result, the externalities of Kori and Wolsong NPPs are estimated as the highest 
because the externality in the analysis of this study is the function of the population. Besides 
Kori and Wolsong, South Korea has 6 NPPs in Younggwang and 6 NPPs in Ulchin. In case 
of NPPs in Younggwang and Ulchin, the population exposure in 30km proximity is much 
smaller than the population in Kori and Wolsong as illustrated in Table 22. Thus, the study 
expects that the externalities of Hanbit and Hanwol NPPs should be lower than Kori and 
Wolsong NPPs.  
Table 22. Population proximity to Nuclear Power Plants 
Proximity to 
NPP 5 km 8 km 10 km 16 km 32 km 
Kori 14020 (43%) 22738 (34%) 57563 (55%) 206537 (48%) 3404757 (68 %)  
Wolsong 6262 (19%) 9638 (14%) 10089 (10%) 140850 (33%)  1334369 (27%) 
Hanbit(YG) 2039 (6%) 16418 (24%) 18846 (18%) 39633 (9%) 152115 (3%) 
Hanwol(UC) 10058 (31%) 18681 (28%) 17458 (17%) 41152 (10%) 81688 (2%) 
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Source: Nuclear Safety and Security Commission  
 
Furthermore, this study does not take into account positive nuclear externalities even 
though nuclear has competitive advantages over coal in security of supply, cost stability, the 
absence of air pollution, greenhouse gas emissions, and technological spillover effect. 
 
7. Implications for Energy Policy in Korea 
7.1. Background of National Basic Energy Plan 
Basic energy-related activities are planned and carried out by the National Energy 
Committee (NEC) every five years according to the National Energy Fundamental Act. The 
chairman of the NEC is the President. The NEC’s principal task is to establish long-term 
energy strategy and determine the direction of national energy policy.  
In 2008, the government enacted the Basic Energy Law which provides the basis for 
the establishment and implementation of national basic plan for energy every five years over 
a period of 20 years. The basic plan covers all fields related to energy, is systematically 
connected with other energy related plans and is coordinated at high level. The plan shall 
have the priority over other energy-related plans and provide principles and directions for the 
plans in each energy source and sector (IEA, 2012). 
The purpose of the national energy plan can be summarized by three main objectives. 
The first objective is to decrease the dependency on energy imports of fossil fuels. The 
second objective is to reduce South Korea’s greenhouse gas emissions. The final objective is 
to promote the nuclear and renewable power industry (John, 2014). 
The 1st national energy basic plan for 2008 - 2030 set an ambitious target to replace a 
substantial share of the energy generated by fossil fuels with nuclear power and renewable 
sources of energy as followings: 
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Table 23. Energy Mix from 2006 ~ 2030 in the 1st National Energy Basic Plan 
 2006 2020 2030 
Bituminous Coal 24.3 23.2 15.7 
LNG 13.7 11.9 12 
Oil 43.6 36.2 33 
Renewable 2.5 6.6 11.5 
Nuclear 15.9 22.1 27.8 
Source: Ministry of Trade Industry and Energy, 2008 
7.2. The 2nd National Basic Energy Plan 
Since the 1st basic plan in 2008, a series of incidents at Korean power plants put 
forward the issue of nuclear safety as the main policy agenda. In early 2012, even though the 
Kori power plant faced a temporary power failure, Korea Hydro Nuclear Power (KHNP) had 
not reported it for a month. To make the matters worse, microscopic cracks were found in 
control rod tunnels at another Yeonggwang unit while undergoing inspection (Kwon, 2012). 
In 2013, the biggest scandal in nuclear power plant broke out when it was discovered that the 
safety certificates of key components had been fabricated after control cables failed to pass a 
safety test (Choe, 2013b). More than 100 government and industry officials, including a 
former KHNP CEO were indicted for corruption in the scandal (John, 2014).  
In response to changing circumstances, especially the Fukushima nuclear accident in 
2011 and a series of incidents, the Korean government made dramatic adjustments in its 
energy mix through the 2nd National Energy Basic Plan as presented in Table 24. 
Table 24. Comparison the 1st National Energy Basic Plan with the 2nd National Energy Basic 
Plan  
 
The 1st The 2nd 
Year 2006 (A) 2020 2030 (B) B – A 2011 (C) 2025 2030 2035 (D) D – C 
Bituminous 
Coal 24.3 23.2 15.7 -8.6 30.3 28.3 29.1 29.7 -0.6 
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LNG 13.7 11.9 12 -1.7 16.8 18.3 18.9 19.4 2.6 
Oil 43.6 36.2 33 -10.6 38.1 31.3 29 26.9 -11.2 
Renewable 2.5 6.6 11.5 9 2.4 4.7 4.9 5 2.6 
Nuclear 15.9 22.1 27.8 11.9 11.7 16.8 17.7 18.5 6.8 
Source: Ministry of Trade Industry and Energy, 2014 
 
The biggest shift was the dramatic decrease in the share of nuclear and the dramatic 
increase in the share of coal. The 1st plan has set the shares of nuclear as a 27.8% out of total 
energy mix by 2030, but the 2nd plan decreases the shares of nuclear as 18.5% by 2035. On 
the contrary, Korean government favors the coal energy when the 2nd plan was set. The 1st 
plan contained ambitious targets to decrease the share of coal to 15.7% by 2030, but the 2nd 
plan resets the share of the coal to be consistently around 30% by 2035.  
In response to the safety issues and nuclear scandal in nuclear plants, the government 
internalized the external costs of spent fuel and decommissioning by increasing the cost of 
spent fuel management and decommissioning nuclear power plant dramatically. As a result, 
the market price for electricity generated by nuclear increased drastically from 2013 to 2015 
as illustrated in Table 25.  
Table 25. The market price of electricity generated by coal and nuclear 
Unit: USD / MWh 
 2015 2014 2013 2012 2011 2010 
Nuclear 56.99 49.89 35.48 35.93 35.56 36.01 
Bituminous coal 64.54 59.21 53.49 60.23 61.03 55.26 
Source: Electric Power Statistics Information System  
 
The cost of electricity generation must include not only explicit costs such as 
construction, maintenance, operation, and fuel, but also external costs. By comparing the 
market price with the estimated external, it is found that the costs of electricity generated 
partially includes coal and nuclear externalities as explained in Table 26.  
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Table 26. Comparison with the market price and estimated total costs for coal and nuclear 
Unit: USD / MWh 
 
Market price 
in 2015 (𝐴) Base Cost (𝐵) Internalized Externalities (𝐴 − 𝐵) = 𝐶 
Externalities 
estimated by 
analysis (𝐷) 
Un-
internalised  
Externalities (𝐷 − 𝐶) = 𝐸 
Total costs 
estimated by 
this study (𝐵 + 𝐷) 
Bituminous 
Coal 59.20 54.54 4.66 31.62 26.96 86.16 
Nuclear 56.99 39.49 17.5 30.62 13.12 70.11 
* Nuclear externalities are estimated by this study  
** Coal externalities of air pollution and GHG emission are estimated by KPX in 2014 
 
First, the market price for coal is 59.20 USD / MWh and the explicit costs estimated 
by this study is 54.54 USD / MWh. Based on the difference in costs, it is indicated that the 
market price internalized merely 14% of the coal externalities.  
Second, the market price for nuclear have increased whopping 60% from 2013 to 
2015 by internalizing externalities for nuclear spent fuel management and decommissioning 
(Korea Statistic Information System, 2016). Because of the impact of recent price increase 
for nuclear, the market price in 2015 is able to reflect 57% of the nuclear externalities. 
7.3. Policy proposal on energy mix 
Policy makers should adopt appropriate policy to internalize externalities to correct 
price distortion due to the externalities. Nuclear, coal and renewable energy cannot be 
directly compared because nuclear and coal are mainly used as a base load electricity while 
the renewable energy is used as a peak load electricity. Since nuclear and coal are used as a 
base load electricity, these energies should be sold at cheaper price than renewable energy. 
As a base load electricity, nuclear can be compared with coal in a more direct way.  
In the 1st basic energy plan, Korean government establish a grand target to take place 
of a share of energy produced by coal with nuclear. However, the 2nd basic energy plan in 
2014 disregarded the goal of the 1st basic energy plan by not only increasing a share of coal 
from 15.7 % to 29.7%, but also decreasing share of nuclear from 27.8% to 18.5 % in 2030.  
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Despite heightened concern about nuclear safety caused by series of incidents and 
corruption in nuclear sector, the study argues that nuclear energy has competitive advantage 
over coal when negative externalities are considered.   
Korean government has just 3 options: renewables, fossil fuels and nuclear power. A 
reasonable goal for 2030 would be a three-way mix of all options. Thus, the study supports 
the objective of the 1st basic energy plan rather than the 2nd energy plan. In the 2nd basic plan, 
a decreased share of nuclear power is not compensated by increasing a share of renewable 
power. Instead, the Korean government chose to maintain a share of coal to compensate the 
reduced reliance on nuclear. As a base load electricity, South Korea has no choice but to raise 
its dependency on nuclear power to reduce the share of coal. In case of renewable power, 
market prices for wind (99.40 USD / MWh), hydro (107.65 USD / MWh), and solar (153.81 
USD / MWh) power are still higher than the total electricity costs even including the 
externalities for coal and nuclear at present.  
Overall, the Korean government should take corrective measures further to reduce 
the share of coal and increase the share of nuclear power as base load electricity. Furthermore, 
in the long run, the Korean government should expand the share of renewable energy in total 
power system.  
 
8. Policy proposal on internalization of externalities  
Coal and nuclear are regarded as the most economic energy sources because of low 
explicit costs of electricity generated. This distorted belief is attributed to the disregard true 
costs including a variety of externalities. Therefore, this chapter attempts to propose 
appropriate policy that internalizes externalities from severe air pollution and a severe nuclear 
accident to make an even playing field.  
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8.1. Internalization of external costs 
8.1.1. Nuclear  
The government is able to internalizes the externality of the nuclear by increasing 
safety regulation and enlarge the liability insurance coverage for potential accidents (OECD, 
2003). The costs related with the regulation to decrease possibility of potential accidents are 
incorporated in the operational costs and it ultimately increases the costs of electricity 
generated by nuclear. However, higher safety regulatory compliance is able to internalizes the 
nuclear externalities partially because potential nuclear accident cannot be fully prevented no 
matter we strengthened safety regulation. 
The NPP operator pays the insurance premium known as “insurance pool” which 
composes of 11 insurance firms to compensate the severe accident damage up to 45 million 
USD (Kwon, 2007). The problem of the current insurance scheme is the damage coverage. 
The current insurance pool is not enough compared with the expected expenses occurred by 
the nuclear accident. For example, in the case of Fukushima’s nuclear accident, damages are 
estimated to 110 billion USD that is above the current damage coverage. More importantly, a 
severe accident caused by a natural disaster is not covered by the current insurance scheme.  
Therefore, it is urgently required to revise current insurance scheme to internalize 
externalities caused by the potential accident. However, internalizing externalities through the 
insurance pool is not feasible because all insurance firms are not capable of providing 
insurance with unlimited coverage for a nuclear accident.  
As a result, environmental tax is considered as the only feasible alternative option. 
The traditional environmental tax is imposed on the quantity of the pollutant emission. In 
case of nuclear risk, the target of the taxation is the potential accident possibility rather than 
the pollutant. Thus, it is advised that the tax should be imposed on the electricity generated by 
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the nuclear power plant. For example, Germany enacted the nuclear fuel law in 2011 to 
exercise the environmental tax on the nuclear power plant (KEI, 2013).  
8.1.2. Coal – External costs from air pollution  
Imposing environmental tax for the coal-power plant can be easily implemented 
unlike the nuclear power plant. The Coal power plant entails a myriad of externalities as 
illustrated in this study, mainly due to air pollution and carbon dioxide emission.  
First of all, it is byproducts of the coal power plant such as Sulfur dioxide (SO2), 
Nitrogen Oxides (NOX),PM 2.5 that cause serious air pollution (KEI, 2015). However, the 
current environmental tax in South Korea is not sufficiently high enough to internalize coal 
externalities. On the contrary, South Korea’s environmental tax has perverse incentive to 
further distort market price. For instance, it is estimated that USD 10.1 billion amount of 
environmental tax should be imposed on the coal-power plant. But, the current environmental 
tax imposed only partial externalities of USD 3 billion (Seok, 2016). In conclusion, 
environmental tax rate should be increased to internalize air pollution caused by the coal-
power plant. 
8.1.3. Coal - External costs from carbon dioxide emission 
The carbon pricing is widely known as an efficient way to internalize external costs 
for carbon dioxide emission. At present, 39 countries and 23 cities, states or regions adopted 
the carbon price (IRENA, 2016). The carbon tax is easy to implement. It could be imposed on 
users of the electricity. For instance, Cyprus government imposed carbon tax on energy 
consumption of oil prices. On the other hand, the carbon tax can be used to compensate for 
the burden of electricity bill. For instance, British Columbia imposes the carbon tax and pays 
back to the household as compensation for electricity bill. In sum, imposing carbon tax on the 
coal power plant is able to internalize the external costs for the carbon dioxide emission. 
 
44 | P a g e  
  
9. Limitation of the study and future studies 
The LCOE methodology discounts the time series of expenditures and incomes to 
their present values in a specific base year (Ea Energy Analyses, 2007). The LCOE method is 
a convenient way to compare different energy sources, however, it has certain limitations.  
Firstly, it mainly deals with base load technologies, i.e. power production 
technologies with a relatively high number of full load hours, which is considered constant 
over the lifetime. Similarly, the rate and price of co-generated heat is considered fixed over 
the year and the technology lifetime.  
Secondly, the model only considers the costs and not the revenues of the technologies. 
The costs are considered evenly distributed over the lifetime. As a result, the LCoE cannot be 
used for assessing NPVs or return rates of projects. The intention of LCOE is compare the 
socio-economic costs of different technologies at a relatively high level and without 
considering taxes, subsidies and project specific financial costs (Danish Energy Agency, 
2015).  
In addition, in case of a coal-power plant, the analysis is not able to be fully 
conducted under the framework of economic analysis due to the lack of detailed information. 
Furthermore, the result of the study and the policy proposals are based on the 
estimation of externalities from nuclear and coal energy sources. For the first time, life 
satisfaction approach has been conducted in South Korea. In order to do least-cost analysis on 
electricity generation, the study adopted the implicit monetary equivalents for NPP 
externalities. However, the main problem of the study is high monetary values of non-market 
goods. To be specific, counting the NPP externality in implicit monetary equivalents is more 
controversial than by life satisfaction unit.  
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Moreover, there were few studies conducted about measuring externalities of nuclear 
power plants in South Korea. Since the analysis of external costs is the key to policy proposal 
and energy investment, more studies should be conducted in the future to measure the 
externalities of each power plant. 
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